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BIOCHEMICAL SOCLETY TRANSACTIONS of the detergents used (Evans, 1956) , although the sharp cut-off in activity evident lends support to the idea that protein denaturation by anionic detergents involves the formation of protein-detergent micelles (Tanford, 1970) .
The most effective inhibitor of glucuronidase activity was sodium tridecyl sulphate, whereas sodium pentadecyl sulphate exerted the strongest effects on the sulphatase. In the latter case, inhibition by CI6, CI7 and CIS alkyl sulphates was limited by the insolubilities of these detergents at the temperature used (37°C). With glucuronidase activity, complete inhibition was not evident even at the highest detergent concentration tested ( l o r n ) , suggesting the possibility of traces of resistant enzyme in the mixture; however, resolution of the crude enzyme mixture by gel filtration on Sephadex G-75 (Pharmacia, Uppsala, Sweden) revealed only a single peak of glucuronidase activity separated from two sulphatase activities.
A noteworthy feature of the results relates to the effects of sodium pentadecyl sulphate on the two enzyme activities. At a concentration of 1 rn, inactivation of sulphatase by this detergent was complete, whereas glucuronidase activity remained unimpaired by concentrations as high as 10mM. Such a selective action suggests more general applications of sodium alkyl sulphates to problems associated with biochemical separations in that choice of a particular alkyl sulphate and its concentration may permit the irreversible inactivation of unwanted enzyme activities, leaving others unscathed. There may be possibilities here, too, in isoenzyme estimations. These studies also indicate that earlier observations suggesting a relationship between side-chain hydrophobicity and the effectiveness of anionic detergents in protein denaturation may need reconsideration and that the interactions between these detergents and proteins may be more specific than has been supposed. Cyanide, azide and sulphide have all been used as terminal inhibitors of respiration. Cyanide, the classical inhibitor, was later abandoned because of its slow and complex inhibition kinetics (Chance, 1952; NicholIsetal., 1972) . Azide, whose kineticsaresimpler, was found to induce a shift in the a peak of reduced cytochrome a, from 605 to 603nm, after its binding to ferric a3 (Wilson & Chance, 1967; Nicholls & Kimelberg, 1968) . Sulphide was therefore used in later studies (Chance & Schoener, 1696) .
Observations with isolated cytochrome au3 preparations prepared as described by van Buuren (1972) now show that there are also complications in the inhibition pattern given by sulphide. Fig. 1 shows the a-peak region of cytochrome aa3 both in the fully reduced state ( a * +~~~+ ) and in the form of the reduced sulphide complex (d+aJ3+H2S). Although the shift in the peak is less marked than for azide, approx. 1 nm instead of 2nm, there is no doubt that an effect is seen in the cytochrome a spectrum after the presumed binding to the a3 haem. The Soret band of the sulphide-inhibited enzyme is 554th MEETING, LONDON Cytochrome aa3 ( 5 . 0 ,~~: 2 haem equiv./mol) was dissolved in 67m-potassium phosphate buffer, pH7.4, containing 0.5 % Tween-80. The spectrum was scanned from 580 to 630nm in a Cary 118C instrument, in a standard 1 cm cuvette at 25°C. -, Fully reduced state(a2+a32+) obtained in thepresenceof 11 mwascorbateand 370p~-NNN"'-tetramethyl-p-phenylenediamine after anaerobiosis. ----, Same system in the presence of air and 90fi~-Na,S (aZ+a32+H2S). 0 , Difference spectrum obtained by subtracting the fully reduced from the sulphide-inhibited spectrum, expanded twofold in the absorbance scale.
also different from the corresponding band for the cyanide and azide-inhibited species, in the half-reduced state. The 445nm shoulder, usually attributed to cytochrome aZ+, is much higher in the aZ+as3+H2S system than in the corresponding complexes with the other two inhibitors. Both sulphide and cyanide are rather tightly bound. HCN does not displace H2S from its binding site over a period of 10-30min at 25"C, pH7.4. And H2S cannot displace cyanide under the same conditions. In catalytically functional systems containing cytochrome c and ascorbate, the inhibition kinetics for slow-binding ligands can be followed aerobically by monitoring the steady-state reduction of cytochrome c at 550nm (Nicholls et al., 1972) . When sulphide is used as inhibitor, the disappearance of active enzyme follows normal first-order kinetics with time. Sulphide binding, unlike that of cyanide, is monophasic, with an apparent rate constant under the conditions of Table 1 rather greater than 104111-'.s-'. The rate of dissociation of H2S can be estimated from the rate of disappearance of the sulphide spectrum and appearance of fully reduced aa3 at 445nm on addition of dithionite to an enzymically reduced system in presence of sdphide. A half-time of about 20min was obtained for this change giving an 'off' constant of less than 10-3s-1, rather smaller than the corresponding rate with cyanide. Polarographic experiments were also carried out with ascorbate plus AWN'"-tetramethyl-p-phenylenediamine as substrate and following the rate of O2 uptake in a cytochrome aa3 plus cytochrome c system before and after the addition of sulphide. From such data both the rate of the 'on' reaction and the apparent inhibition constant (K,) can be estimated. Table 1 lists the values obtained.
The binding of sulphide to the catalytically active enzyme is similar in rate and affinity to the binding of cyanide, and much tighter than the binding of ligands like azide!and fluoride. The kinetics of sulphide binding are, however, simpler than those found for cyanide (Nicholls et al., 1972) , and the blue shift of the a peak (Fig. 1 ) resembles the effect of azide. Both azide and sulphide thus induce a blue shift of the cytochrome a*+ spectrum on binding to cytochrome aJ3+ resembling the blue shift seen in the partially reduced enzyme under anaerobic conditions (Tiesjema et al., 1973) . The 605nm peak obtained with cyanide resembles that seen anaerobically, in the aerobic steady state, and after rapid mixing of reduced cytochrome c with oxidized enzyme (Andreasson, 1975) . Ligands and partial reductions thus give rise to 'normal' (605nm) or blue-shifted peaks. Such phenomena are therefore incapable of mimicking the red shifts observed in the mitochondrion on energization (Wikstrom, 1972; Lindsay, 1974) .
The sulphide spectrum also provides further evidence on two other points. (a) Nicholls & Kimelberg (1968) suggested that there was no appreciable contribution of reduced a3 to the a peak. Fig. 1 re-emphasizes this point (cf. plotted difference spectrum) for the sulphide complex. We believe, with Lemberg (1969) , that cytochrome a32+ has a high-spin structure like that of reduced haemoglobin, with a spectrum rather similar to that of the low-spin ferric form. (b) The fact that the a2+aJ3+H2S complex has a higher 445 nm peak than the a2+aJ3+HCN complex confirms the impropriety of assigning spectral contributions of reduced a and a3 on the basis of the inhibited spectra. It suggests the possibility that a partial electron transfer may take place between sulphide and haem in the complex, giving some aJ2+SH' species in addition to aJ3+SH-. Experimentally, anaerobic deactivation of ascorbate is favoured by exposure to light (comprising wavelengths <300nm), traces of multivalent cations (e.g. 1/2 x lo5) and increasing dilutions.
(a) The absorption of light catalyses the formation of ascorbate and ascorbic free radicals thus:
Ascorbate anion
Ascorbic free radical Ascorbate free radical (b) EDTA (as low as 0.005%) chelates traces of multivalent cations and enhances ascorbate stability.
(c) Decreased water activity can be attained by the use of high concentrations of neutral substances, such as sorbitol or mannitol, and enhances ascorbate stability (Lawendel, 1956) . Increasing electrolyte concentrations also decrease the activity of water and result in increased ascorbate stability (Lewin, 1975) .
These factors can be collated in terms of participation of water as a transient free radical in the transfer of single electrons in the process of oxidation of theascorbate anion via the ascorbate free radical. Decreased activity of water should be accompanied by a decrease in tendency for electron transfer from one of its lone pairs (and correspondingly in formation of water free radicals). A decrease in water activity need not express itself primarily by a decrease in tendency to form a water free radical. However, when electron transfer is potentiated by the tendency of a free radical to lose its odd electron (when negatively charged), or to gain an electron (when neutral) so as to form a (more stable) electron pair, and further when the balance can be tilted by the relative tendencies of hydrated Fe3+ andFez+ ions to act respectively as electron donors or acceptors, participation of water free radicals is indicated. For the hydrated Fe3+ ion there exists a small
